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PHYSIOGRAPHY 


1.  The  Souris  River  basin  lies  in  the  Drift  Prairie  section  of  the  Central 
Lowland  Physiographic  province  and  the  Coteau  Du  Missouri  which  forms  the 
eastern  border  of  the  Great  Plains  physiographic  province.  Four  major 
geologic  and  topographic  features  are  present  to  further  subdivide  these 
major  sections.  These  are  the  Missouri  Escarpment,  ground-moraine  plain, 
the  lake  bed  of  glacial  Lake  Souris  and  the  southwest  portion  of  the 
Turtle  Mountain  (see  Figure  1). 

2.  The  entire  length  of  the  Des  Lacs  River  valley  and  that  portion  of  the 
Souris  River  valley  upstream  from  Verendrye  are  in  the  area  of  the  ground- 
moraine  plain.  Both  valleys  in  this  area  were  cut  when  the  rivers  were 
swollen  with  glacial  meltwater  and  were  subsequently  aggraded  to  their 
present  levels  after  the  glaciers  receded  from  the  area.  The  existing  condi¬ 
tion  in  both  valleys  is,  therefore,  one  of  a  small  stream  in  an  oversized 
valley.  The  floor  of  the  Souris  River  valley  lies  100  to  200  feet  below 

the  ground-moraire  plain,  and  the  valley  walls  are  fairly  steep-sided.  The 
presence  of  short,  intermittent  drainages  that  head  only  a  few  miles  from 
the  river  give  the  valley  walls  a  slightly  dendritic  form  with  little  or  no 
correlative  terrace  development.  The  valley  floor  averages  3/4-mile  in 
width  and  forms  a  relatively  flat  surface  which  is  broken  by  a  sinous  river 
channel,  meander  scars  and  small  alluvial  fans.  The  Des  Lacs  River  valley 
is  similar  in  form  to  the  Souris  River  valley  in  the  ground-moraine  plain. 

The  valley  floor  averages  1/2-mile  in  width  and  is  incised  up  to  275  feet 
below  the  surrounding  plains. 

3.  The  Souris  River  valley  downstream  from  Verendrye  is  formed  in  the 
glacial  Lake  Souris  area.  The  valley  form  in  this  area  varies  drastically 
from  that  in  the  ground-moraine  plain.  The  valley  is  1/2  to  3  miles  wide  and 
is  entrenched  less  than  100  feet  below  the  surrounding  plain.  In  nlaces, 

a  valley  form  is  barely  perceptible. 

4.  Except  for  the  Missouri  Escarpment  and  areas  bordering  stream  valleys, 
much  of  the  drainage  pattern  within  the  Souris  River  basin  varies  from 
poorly  defined  to  noncontributing.  Many  of  the  noncontributing  areas  in¬ 
clude  numerous  small  depressions  where  surface  water  is  trapped. 

5.  The  only  naturally  wooded  areas  in  the  basin  exist  along  drainages,  the 
slopes  of  the  Turtle  Mountain,  and  some  duned  areas  in  the  Lake  Souris  area. 
Elsewhere  in  the  basin,  the  surface  is  unwooded  except  where  trees  have 
been  planted  near  dwellings  and  for  windbreaks.  The  basin  is  sparsely 
populated  with  most  of  the  land  surface  used  for  pasture  or  cultivation. 


GENERAL  GEOLOGY 

6.  Glaciers  invaded  the  Souris  River  basin  several  times  during  the  Pleis¬ 
tocene  Epoch.  The  most  significant  invasion  was  the  Mankato  Substage  of 
the  Wisconsin  glaciation  which  laid  down  thick  deposits  of  drift  that 
obscured  much  of  the  preglacial  topography.  The  valleys  of  the  Souris  and 
Des  Lacs  Rivers  were  carved,  or  enlarged,  by  great  quantities  of  water 
supplied  by  the  melting  ice  and  were  subsequently  filled  to  their  present 
levels  as  the  flows  diminished. 


7,  No  sharp  demarcation  separates  Recent  from  Pleistocene  time.  After 
the  last  retreat  of  glacial  ice,  conditions  gradually  gave  way  to  those 
existing  today.  The  glacial  features  have  suffered  little  from  erosion  so 
that  present  topography  is  composed  essentially  of  unaltered  glacial  forms. 
Integrated  drainage  has  not  yet  been  established  in  much  of  the  basin. 

S.  Unconsolidated  surface  deposits  in  the  basin  are  of  two  types:  recent 
alluvium  and  Pleistocene  glacial  deposits.  Recent  alluvium  comprises  only 
a  small  portion  of  the  surface  materials  and  consists  of  clay,  silt,  fine- 
to-medium  sand  with  minor  amounts  of  coarse  sand,  and  gravel.  Significant 
alluvial  deposits  are  restricted  to  the  valleys  of  the  Souris  and  Des  Lacs 
Rivers  where  they  generally  exceed  SO  feet  in  thickness.  The  glacial  material 
consists  primarily  of  morainal  deposits  and  sediments  of  glacial  Lake  Souris. 
Morainal  deposits  arc  composed  of  an  impervious,  stoney  clay  till  with  thin 
seams,  lenses,  and  channels  of  sand  and  gravel.  This  material  occurs  under 
the  Coteau  Du  Missouri  with  an  average  thickness  of  100  to  200  feet  and  varies 
from  50  to  300  feet  in  thickness  throughout  the  ground-moraine  plain  and 
under  the  sediments  of  glacial  Lake  Souris.  The  till  is  often  absent  in  the 
river  valleys.  Buried  preglacial  valleys,  outwash  channels,  kames ,  eskers, 
overridden  ice-contact  deposits,  river  terrace  deposits,  diversion  channels, 
and  undifferentiated  glaciof luvial  deposits  occur  throughout  the  ground- 
moraine  plain  and  contain  a  higher  sand  and  gravel  content  than  the  glacial 
till.  The  deposits  of  glacial  Lake  Souris  range  in  thickness  from  a  feather- 
edge  to  more  than  70  feet.  Material  in  the  Lake  Souris  area  is  predominantly 
silt  and  moderately  to  poorly  graded  sand  with  sand  and  gravel  beach  and 
other  near-shore  deposits. 

0.  The  bedrock  units  exposed  or  forming  the  buried  preglacial  erosional 
surface  in  the  Souris  River  basin  are,  in  descending  order,  the  Sentinel 
Butte,  Tongue  River  and  Cannonball  Formations  of  the  Fort  Union  Group  of 
the  Tertiary  System  and  the  Hell  Creek  and  Fox  Hills  Formations  of  the 
Cretaceous  System.  Older  Mesozoic  and  Palezoic  beds  underlie  these  forma¬ 
tions  and  consist  primarily  of  shales,  limestones,  sandstones,  siltstones, 
and  evaporiteswith  a  total  thickness  of  several  thousand  feet. 

10.  71\e  Sentinel  Butte  Formation,  the  uppermost  bedrock  unit  in  the  basin, 
is  present  only  under  the  Coteau  Du  Missouri  and  is  lithologically  similar 
to  the  underlying  Tongue  River  Formation.  The  Tongue  River  Formation  is 
present  in  the  western  two-thirds  of  the  basin  and  in  the  Turtle  Mountain 
and  underlies  glacial  and  alluvial  sediments  in  the  proposed  project  areas. 
This  formation  is  described  in  detail  in  the  discussion  of  foundation 
materials.  Exposures  of  the  Cannonball  Formation  occur  in  the  Souris  River 
valley  from  Verendrye  upstream  to  Sawyer.  This  unit  is  a  marine  deposit 
which  consists  of  thin,  alternate  beds  of  sandstone,  siltstone,  and  sandy 
shale.  The  total  thickness  of  the  uneroded  Cannonball  Formation  is  not 
known,  but  the  thickness  of  exposed  beds  in  the  vicinity  of  Sawyer  is 
approximately  40  feet.  The  underlying,  or  older,  rock  formations  are 
below  the  influence  of  the  proposed  work  and  are,  therefore,  not 
discussed. 

11.  The  structural  geology  of  the  Souris  River  basin  has  not  been  deter¬ 
mined  in  detail.  Regionally,  the  subsurface  structure  consists  of  south¬ 
westerly  dipping  Palezoic  beds  truncated  by  Mesozoic  beds  that  dip  less 
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steeply  to  the  southwest.  The  regional  dip  of  all  the  beds  is  gentle  and 
is  obscured  by  local  variations  in  some  areas.  Tertiary  beds  available 
for  study  at  the  surface  exhibit  local  structural  irregularities  and 
lithologic  variations  that  make  deatiled  correlation  and  structural 
analysis  questionable. 

12.  Ihe  basin  is  structurally  stable  and  without  tectonic  disturbances 
of  regional  or  local  magnitude.  Current  seismic  risk  references  show  the 
basin  to  lie  in  zone  1  or  a  non-critical  area  that  could  expect  only 
minor  damage  from  any  probable  earthquake. 


GROUND  WATER 

13.  Groundwater  is  an  important  natural  resource  in  the  Souris  River 
basin  where  its  occurrence  and  quality  vary  with  location  and  depth. 
Considerable  detailed  information  on  the  ground-water  conditions  in  most 
areas  of  the  basin  is  available.  The  scope  of  this  study,  however,  does 
not  warrant  a  presentation  of  more  than  a  summary  of  ground-water  condi - 
t ions . 

14.  Ground  water  in  the  basin  is  obtained  from  glacial  deposits,  recent 
alluvium  and  bedrock  aquifers.  Wells  in  the  glacial  deposits  are  developed 
in  sand  and  gravel  lenses  or  beds,  debris-filled  valleys,  glacial  outwash 
channels  on  the  till  plains,  and  glaciof luvial  deposits  in  the  river 
valleys.  In  a  few  places  these  aquifers  will  yield  more  than  500  gallons 
per  minute  of  good  quality  water,  but  such  yields  are  rare.  In  many  places 
the  aquifers  are  too  thin,  are  of  small  areal  extent,  or  the  rate  of 
natural  recharge  is  too  slow  to  provide  sustained  yields  of  more  than  a 

few  gallons  per  minute.  Shallow  or  surficial  deposits  of  sand  and  river- 
valley  aquifers  generally  produce  water  of  good  quality,  but  water  from 
the  more  deeply  buried  aquifers  commonly  contains  objectionable  concentra¬ 
tions  of  iron,  sulfate  and  dissolved  solids. 

15.  Development  of  wells  in  recent  alluvium  is  restricted  to  the  river 
valleys.  Water-bearing  strata  in  the  alluvium  are  generally  thin  and  are 
not  considered  important  sources  of  water. 

16.  Bedrock  aquifers  in  the  basin  consist  of  the  Cretaceous  Dakota  Group, 

Fox  Hills  and  Hell  Creek  Formations,  and  Tertiary  Fort  Union  Group.  Water 
from  the  Dakota  Group  is  generally  saline  and  is  used  mainly  for  pressurizing 
oil  fields.  Water  from  the  Fox  Hills  and  Hell  Creek  is  a  soft,  sodium  bi¬ 
carbonate  or  sodium  chloride  type  and  is  not  recommended  for  human  consump¬ 
tion.  Gas  is  present  with  the  water  in  the  Fort  Union  Group  and  basal 

drift  aquifers  in  eastern  Renville  and  western  Bottineau  Counties.  When 
sufficient  gas  is  present,  it  lifts  the  water  in  a  well  to  the  ground 
surface  and  causes  the  well  to  flow.  This  gas-lift  phenomenon  was  once 
common  in  the  area  but  has  decreased  appreciably  with  development  of  the 
aqui fer. 

17.  Sufficient  ground  water  sources  have  been  developed  throughout  the 
basin  to  maintain  adequate  municipal  and  domestic  supplies;  although,  in 
some  cases  the  quality  of  the  water  in  domestic  wells  probably  does  not 
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meet  standards  recommended  by  the  U.S.  Public  Health  Service.  The  largest 
user  of  water  in  the  basin  is  the  city  of  Minot  which  obtains  adequate 
water  supplies  from  the  Souris  River  along  with  buried-channel  and 
glaciofluvial  aquifers  known  as  the  Minot,  North  Hill,  South  Hill,  North- 
est  buried-channel.  Lower  Souris  and  Sundre  Aquifers.  The  combined  aquifer 
system  has  a  large  areal  extent  and  storage  capacity,  but  unmanaged  with¬ 
drawals  could  easily  exceed  natural  recharge.  Therefore,  the  aquifers 
must  be  properly  managed  to  insure  a  continued  supply  of  water  for  the 
future . 


SITL  TOPOGRAPHY,  SUBSURFACE  CONDITIONS,  AND  FOUNDATIONS  MATERIALS 

18.  The  topography  and  subsurface  conditions  for  each  site  are  presented 
in  this  report  by  site  topographic  maps  showing  the  proposed  structures 
and  generalized  foundation  profiles  that  show  the  interpreted  subsurface 
conditions.  Foundation  materials  for  all  of  the  proposed  structures  may 
be  classified  in  the  broad  categories  of  River  Alluvium,  Glacial  Sediments 
or  Tongue  River  Formation.  Except  for  minor  variations  in  the  alluvium, 
the  general  properties  of  each  category  are  similar  at  all  sites;  there¬ 
fore,  a  discussion  of  the  materials  by  category  is  adequate  for  this  study 
and  is  presented  in  the  following  paragraphs. 

19.  RIVER  ALLUVIUM 

The  River  Alluvium  was  deposited  during  aggredation  of  the  Souris  and 
Des  Lacs  River  valleys  following  the  recession  of  glaciers  from  the  area. 
Material  in  the  Souris  Valley  averages  over  100  feet  thick  with  a  maximum 
known  thickness  of  160  feet.  This  material  is  predominantly  medium  to 
high  plasticity  clays  with  occasional  interbeds  of  fine  sand  and  silty 
fine  sand.  Some  of  the  more  plastic  clays  resemble  lacustrine  clays  and 
may  have  been  deposited  in  temporary  valley  lakes.  River  Alluvium  in  the 
Des  Lacs  valley  has  a  maximum  known  thickness  of  70  feet  and  consists  of 
interbedded  silty  sand,  clay  and  silt  with  occasional  beds  of  clean  sand. 

20.  GLACIAL  SEDIMENTS 

Except  for  a  sand  and  gravel  terrace  deposit  at  Lake  Darling  Dam,  the 
glacial  sediments  consist  almost  entirely  of  heterogeneous  sandy  clay  till. 
Scattered  gravel  and  occasional  cobbles  or  boulders,  thin  beds,  lenses, 
and  channels  of  sand  occur  throughout  the  till.  The  sand  and  gravel 
terrace  at  Lake  Darling  Dam  is  located  on  the  left  abutment  and  exhibits 
a  wide  range  of  grain  sizes,  varies  from  silty  to  clean  and  has  an  abundance 
of  cobbles  and  boulders. 

21.  TONGUE  RIVER  FORMATION 

The  Tongue  River  Formation  is  a  terrestrial  deposit  laid  down  in 
lakes,  swamps  and  broad  floodplains  of  eastward  flowing  rivers  during  the 
Paleocene  Epoch  of  the  Tertiary  Period.  The  formation  is  characterized  by 
vertical  and  horizontal  variations  in  lithology  consisting  essentially  of 
mixtures  of  clay-,  silt-  and  sand-sized  particles.  These  constituent 
materials  not  only  occur  in  numerous  combinations  but  also  exhibit  sedi- 
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mentary  structures  ranging  from  finely  laminated  to  massive.  In  addition, 
a  change  from  one  dominant  particle  size  or  sedimentary  structure  to  another 
is  often  gradational  or  subtle  so  that  classification  into  correlative  units 
is  difficult.  The  formation  is  often  described  as  an  "immature"  rock  that 
exhibits  both  the  properties  of  a  soil  and  the  properties  of  a  rock. 

Rock  terms  were  used  for  this  study  based  on  apparent  preference  for 
these  terms  in  the  literature  and  previous  usage  with  other  Corps  of 
Engineers  investigations  in  the  same  formation.  A  classification  system 
was  developed  for  the  Tongue  River  Formation  which  consists  of  five  major 
lithologic  types--shale ,  laminated  siltstone,  homogeneous  siltstone,  sand¬ 
stone  and  carbonate  concretions.  The  lithologic  units  are  described  on 
Plate  B-12.  The  engineering  properties  and  considerations  are  summarized 
as  follows: 

22.  Permeability 

The  primary  permeability  of  all  units  except  the  cleanest  sandstones 
is  so  low  the  units  are  considered  impervious.  The  primary  permeability 
of  the  best  sandstone  encountered  is  estimated  at  less  than  7  x  10~4  cm 
per  second.  Secondary  permeability  is  expected  to  be  a  significant  con¬ 
sideration  in  lignite  beds.  Fractured  lignites  account  for  drilling 
fluid  losses  and  are  sources  of  springs  in  outcrop  areas.  A  low  frequency 
of  secondary  interstices  observed  in  the  drill  cores  suggests  that  water 
problems  will  be  restricted  to  lignites  which  may  serve  as  seepage  paths 
from  reservoirs  or  sources  of  water  if  encountered  in  excavations. 

23.  Faulting 


Several  fault  planes  were  identified  as  slickensided  planes  in  the 
drill  cores.  More  probably  exist  but  were  not  identified  due  to  difficulty 
of  finding  them  without  destroying  the  core  samples.  The  depth  of  previous 
erosion  in  the  valley  and  steep  erosional  surface  on  the  buried  Tongue 
River  Formation  indicate  conditions  favorable  for  the  development  of 
Proglacial  slump  blocks  which  parallel  the  trend  of  the  valleys.  Fault 
planes  should,  therefore,  be  expected  in  any  excavation  near  river  valley 
walls. 

24.  Jointing 

A  low  frequency  of  jointing  and  fracturing  was  encountered  in  the 
borings  and  is  considered  a  good  representation  of  the  subsurface  condi¬ 
tion.  The  presence  of  stress-relief  joints  that  parallel  the  valley 
trend  should,  however,  be  expected  in  any  excavation  near  a  valley  wall. 

25.  Excavation  Properties 

All  material  except  cemented  sandstone  and  limestone  (carbonate 
concretions)  can  be  excavated  easily  by  ripping  or  can  be  tunneled  by 
machine.  Structural  excavations,  with  the  same  exceptions,  can  be  cut  to 
close  tolerance  with  a  coal  saw. 


26.  Bearing  Capacity 

The  most  critical  unit  as  far  as  bearing  capacity  is  concerned  is 


shale.  It  is  recommended  that  unweathered  shale  be  considered  to  have  an 
allowable  bearing  capacity  of  4  tons  per  square  foot.  The  bearing  capa¬ 
city  of  weathered  shale  is  considered  to  be  equivalent  to  the  overlying 
glacial  till. 

27.  Rebound 


The  Tongue  River  beds  exist  in  an  over-consolidated  state  due  to 
previous  sediment  and  ice  loads  greatly  in  excess  of  the  load  exerted  by 
the  existing  cover  of  sediments.  For  this  reason,  rebound  of  the  Tongue 
River  Formation  in  deep  excavations  has  caused  problems  on  other  projects. 
Rebound  must  be  considered  a  potential  problem  in  any  major  excavation. 

28.  Slope  Stability 

Slope  failures  in  the  Tongue  River  are  evident  in  the  region  but  are 
generally  due  to  steepening  of  a  stable  slope  by  erosion  or  excavation. 
Designed  slopes  in  the  Tongue  River  Formation  at  Garrison  Dam  have  reportedly 
remained  stable  for  27  years.  The  most  critical  element  anticipated  to 
cause  slope  stability  problems  at  the  proposed  facilities  is  exposure  of 
the  glacial  till-Tongue  River  contact. 

29.  Foundation  Protection 


Protection  of  structural  foundations  is  necessary  to  prevent  deteriora¬ 
tion  of  the  foundation  between  the  time  of  excavation  and  concrete  placement. 
This  is  expected  to  be  especially  critical  for  laminated  siltstone  and 
shale.  Initial  underexcavation  with  excavation  to  final  grade  immediately 
before  concrete  placement  is  recommended  for  these  units. 


WATER  TABLE 

30.  An  accurate  water  table  has  not  been  determined  at  any  of  the  proposed 
sites.  An  inferred  water  table  is,  therefore,  shown  on  the  foundation  pro¬ 
files  and  is  based  on  limited  water  level  data  from  borings  and  the  base 
of  the  zone  of  oxidation.  The  water  table  is  inferred  from  these  data  to 
be  quite  high  and  in  most  cases  well  above  the  base  of  excavation.  Ground 
water  is,  however,  not  expected  to  be  a  major  problem  in  any  excavations 
due  to  the  overall  low  permeability  of  the  materials.  Minor  discharge  from 
sand  and  gravel  seams  in  the  till  and  occasional  sandstone  beds  in  the 
Tongue  River  Formation  is  expected.  Fractured  lignite  seams  in  the  Tongue 
River  should  cause  the  greatest  water  problem  in  excavations  but  are  not 
expected  to  be  a  significant  concern.  The  delineation  of  the  water  table 
and  water-bearing  characteristics  of  the  more  pervious  beds  and  lignite 
seams  will  be  refined  in  the  investigations  for  detailed  design. 


SOURCES  OF  STONE  AND  AGGREGATE  CONSTRUCTION  MATERIALS 

31.  Concrete  aggregate  of  acceptable  quality  can  be  produced  locally  from 
gravel  pits  in  glacial  terrace  deposits  along  the  Souris  and  Des  Lac  Rivers. 
The  material  must,  however,  be  carefully  processed  to  remove  iron-oxide 
concretions  and  shale. 
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32.  Riprap  and  bedding  are  available  locally.  Riprap  must  be  obtained 
from  field  stone  piles  of  glacial  boulders  within  a  radius  of  15  miles 
from  the  projects  and  from  oversized  material  screened  from  gravel  pro¬ 
duction.  The  supply  of  boulders  in  the  area  is  being  consumed  and  will 
eventually  be  depleted.  At  that  time,  riprap  would  have  to  be  shipped  in 
from  outside  the  area.  The  closest  reliable  source  of  quarried  stone  is 
Ortonville,  Minnesota,  a  distance  of  400  miles.  Bedding  material  can  be 
produced  from  local  gravel  pits. 


ECONOMIC  GEOLOGY 

33.  Mineral  resources  in  the  Souris  River  basin  that  either  have  economic 
value,  have  had  economic  value  or  have  economic  potential  include  lignite, 
sand  and  gravel,  glacial  till,  glacial  boulders,  brick  clay,  petroleum, 
natural  gas,  and  salt.  Those  resources  within  the  reasonable  area  of 
influence  of  the  proposed  facilities  are  sand  and  gravel,  glacial  till, 
glacial  boulders  and  petroleum. 

34.  SAND  AND  GRAVEL 

Sand  and  gravel  deposits  are  abundant  throughout  the  basin.  Commercial 
operations  are  usually  developed  in  river-terrace  and  diversion-channel 
deposits.  Ice-marginal  and  outwash-channel  deposits  are  next  in  importance. 
Karnes,  eskers ,  and  overridden  ice-contact  deposits  contain  sufficient 
material  for  small,  local  projects.  The  southern  part  of  the  Lake  Souris 
area  contains  huge  quantities  of  sand  that  are  essentially  undeveloped. 
Material  from  nearly  all  deposits  is  adequate  for  road  gravel,  and  material 
from  most  larger  deposits  can  be  processed  for  concrete  aggregate.  Except 
for  the  sand  and  gravel  consumed  in  construction,  the  proposed  projects 
would  have  no  effect  on  future  development  of  sand  and  gravel  resources. 

35.  GLACIAL  TILL 

Sandy  gravelly  clay  till  is  available  in  unlimited  quantities.  Its 
value  as  a  resource  would,  therefore,  not  be  affected  by  the  proposed 
projects . 

36.  GLACIAL  BOULDERS 

Glacial  boulders  are  scattered  on  the  surface  throughout  the  Coteau 
Du  Missouri,  ground-moraine  plain,  and  river  terraces.  The  boulders 
are  the  only  source  of  riprap  in  the  basin  and  must  be  collected  from 
scattered  piles  cleared  from  farmers'  fields  or  where  they  are  naturally 
abundant  on  the  surface  of  uncultivated  areas.  Stockpiles  of  oversized 
material  screened  from  the  numerous  gravel  operations  in  the  basin  are 
also  important  sources  of  boulders.  Construction  of  the  proposed  projects 
would  consume  a  significant  amount  of  the  boulders  within  a  radius  of 
several  miles. 

37.  PETROLEUM 

Producing  oil  wells  have  been  developed  near  the  Souris  River  valley 


in  the  vicinity  of  Lake  Darling.  Further  development  of  oil  resources 
is  possible  near  the  proposed  projects.  Such  development  would,  however, 
be  compatible  with  the  construction  and  operation  of  the  facilities  as 
proposed. 

SUBSURFACE  INFORMATION  AND  TESTING 

38.  Borings  have  been  taken  at  the  Lake  Darling  Dam  site,  as  well  as  at 
the  following  sites: 

Below  Lake  Darling  Dam  Above  Lake  Darling  Dam 

1)  Johnson's  Addition  1)  Eckerts  Ranch 

2)  Brooks'  Addition  2)  Soo  Line  Railroad  Crossing 

3)  Talbot's  Nursery  3)  Highway  5  Crossing 

4)  Country  Club  Acres  and  4)  McKinney  Cemetery 

Robinwood  Estates  5)  Renville  County  Park 

5)  King's  Court  and  Rostad's 

Addition 

6)  Tierrecito  Vallejo 

7)  Sawyer 

To  date  no  borings  have  been  taken  at  the  State  Highway  28,  FAS  3809  (Old 
FAS  729)  and  FAS  3828  (Old  FAS  471)  road  raises,  or  at  the  Fish  and  Wild¬ 
life  Service's  wildlife  refuge  dams.  Subsurface  information,  testing  and 
improvements  for  Velva,  North  Dakota,  have  been  presented  in  Lake  Darling 
Flood  Control  Project,  Souris  River,  North  Dakota,  DM  No.  4,  Feature, 

Velva  Improvements,  dated  November  1982,  and  are,  therefore,  not  discussed 
in  this  appendix. 

39.  A  total  of  82  borings  and  test  pits  have  been  taken  at  the  various 
structure  sites.  The  locations  of  the  borings  are  shown  on  the  plans  of 
the  individual  structures.  Logs  of  the  borings  for  each  structure  are 
presented  in  order  of  increasing  boring  numbers  on  plates  following  the 
plan  for  each  structure  or  each  combination  of  structures. 

40.  Laboratory  tests  performed  to  date  include  in  situ  moisture  contents, 
liquid  and  plastic  limits,  mechanical  analyses,  undisturbed  and  remolded 
strengths,  consolidation  and  compaction.  In  situ  moisture  contents  and 
liquid  and  plastic  limits  are  shown  on  the  boring  logs.  Other  individual 
laboratory  test  results  are  presented  as  follows:  Lake  Darling  Dam, 

Plates  B-44  through  B-65;  Soo  Line  Railroad,  Plates  B-66  through  B-75; 
and  State  Highway  5,  Plates  B-76  through  B-84. 

41.  The  individual  strength  test  results  were  used  to  develop  summary 
strength  plots.  The  plates  showing  the  summary  strength  plots  for  the 
materials  at  a  given  structure  are  grouped  with  other  plates  that  pertain 
to  that  particular  structure. 


LAKE  DARLING  DAM 


42.  GENERAL 

Currently,  the  top  of  dam  elevation  is  1606.0,  the  upstream  slope  is 
approximately  IV  on  2.7H,  and  the  downstream  slope  is  approximately  IV 
on  2.2H.  The  existing  Lake  Darling  Dam  has  an  ungated  primary  spillway 
on  the  left  abutment  and  an  ungated,  grass-lined,  emergency  spillway  on 
the  right  abutment. 

43.  The  existing  Lake  Darling  Dam  will  be  extensively  modified.  The 
top  of  the  dam  will  be  raised  8  feet,  from  elevation  1606.0  to  elevation 
1614.0.  A  new  gated  spillway  with  low  flow  outlets  located  in  the  gate 
piers  will  be  constructed  on  the  left  abutment  replacing  the  old  outlet 
works  and  two  ungated  spillways. 

44.  The  plan  of  the  Lake  Darling  Dam  is  shown  on  Plate  B-l.  Foundation 
conditions  at  the  site  are  shown  on  the  geologic  profiles  on  Plates  B-3 
and  B-4. 

45.  EMBANKMENT  DESIGN 

A  typical  embankment  section  is  shown  on  Plate  B-2.  The  embankment 
will  have  a  top  width  of  40  feet,  the  same  width  as  the  existing  embankment, 
and  will  be  surfaced  with  a  24-foot  wide  paved  roadway.  The  existing 
upstream  slope,  which  averages  IV  on  2.7H,  will  be  flattened  to  IV  on 
3.75H  to  meet  sudden  drawdown  criteria.  Rockfill  will  be  used  to  flatten 
the  underwater  portion  of  the  slope.  To  minimize  the  rockfill  section  the 
centerline  of  the  raised  embankment  has  been  moved  downstream  of  the 
existing  embankment  centerline.  Above  elevation  1600  much  of  the  existing 
riprap  is  undersized,  and  coverage  of  the  slope  is  inadequate.  Existing 
riprap  in  this  zone  will  be  removed  and  placed  in  the  rockfill  section. 

In  general,  the  embankment  contact  areas  will  be  stripped  to  either  a 
6-inch  or  12-inch  depth  as  considered  appropriate.  The  upstream  half  of 
the  crest  of  the  existing  dam  will  be  stripped  to  a  depth  of  2  feet  to 
assure  good  contact  with  the  impervious  fill  in  the  upstream  portion  of 
the  existing  embankment.  A  sand  drain  will  be  incorporated  in  the 
modified  embankment,  as  shown  on  Plate  B-2.  The  downstream  slope  of  the 
existing  embankment,  which  averages  IV  on  2.2H,  will  be  flattened  to  IV 
on  3.75H.  A  berm  will  be  placed  on  the  downstream  slope  beginning  at 
elevation  1603.3,  extending  downstream  at  a  IV  on  50H  slope,  for  180  feet. 
The  large  berm  provides  a  disposal  area  for  excess  excavation  from  the 
new  spillway  on  the  left  abutment,  and  is  not  required  for  stability. 

46.  SEEPAGE  CONTROL 

Old  drawings  indicate  that  the  existing  embankment  was  designed  as 
a  zoned  embankment.  The  upstream  40±  percent  of  the  embankment  consisted 
of  relatively  impervious  fill  and  the  downstream  6 Oi  percent  of  the  embank¬ 
ment  consisted  of  pervious  bank-run  rock,  gravel  and  sand.  Stripping  of 
the  original  ground  surface  to  an  unknown  depth  to  be  determined  by  the 
engineer  was  required  upstream  of  the  embankment  centerline.  No  stripping 
was  required  downstream  of  the  embankment  centerline.  About  45  feet  up- 


stream  of  the  centerline  a  muck  trench  (cut-off  trench)  was  excavated  into 
the  foundation  soils.  The  bottom  width  of  the  trench  was  6  feet  but  the 
depth  was  to  be  determined  by  the  engineer.  In  the  river  channel  section 
the  trench  was  about  75  feet  upstream  of  the  centerline  and  a  wood  sheet- 
pile  cutoff  was  driven  on  the  trench  centerline.  Subsequent  to  the  original 
construction,  pervious  fill  was  placed  on  the  upstream  slope  to  increase 
the  top  width  of  the  dam  from  31  feet  to  40  feet  and  to  provide  a  uniform 
upstream  slope  on  which  to  place  new  riprap.  Borings  taken  at  the  down¬ 
stream  shoulder  of  the  dam  encountered  both  pervious  and  impervious  fill, 
indicating  that  the  actual  embankment  zoning  was  not  as  pure  as  shown  on 
the  drawings.  On  the  basis  of  existing  drawings  alone,  it  is  difficult 
to  judge  the  adequacy  of  the  seepage  cutoff  in  the  existing  embankment 
and  foundation  soils.  A  somewhat  higher  quantity  of  seepage  than  would 
normally  be  expected  from  a  well  designed  earth  dam  has  been  noted  during 
field  inspections  of  the  embankment  both  during  and  following  recent 
floods,  especially  in  the  reach  between  the  outlet  works  and  the  right 
abutment.  However,  there  has  been  no  evidence  of  seepage  exiting  on 
the  downstream  slope  of  the  embankment  nor  has  there  been  any  evidence 
of  material  transport  or  other  seepage-related  instability.  Borings  along 
the  embankment  alignment  indicate  that  the  near  surface  foundation  soils 
in  the  valley  consist  of  SM  or  finer  materials.  One  relatively  thin  SP 
layer,  considered  to  be  discontinuous,  was  encountered  in  boring  76-98M 
at  a  depth  of  about  10  feet  beneath  the  existing  embankment.  No  highly 
pervious  zones  that  would  have  a  direct  connection  to  the  pool  are  evi¬ 
dent.  The  proposed  modification  of  the  embankment  will  not  significantly 
affect  the  existing  quantity  of  seepage,  but  better  control  of  the  seepage 
will  be  provided  by  the  internal  sand  drain  and  toe  drain.  In  addition 
the  seepage  path  through  the  foundation  soils  to  the  toe  of  the  modified 
embankment  will  be  increased  more  than  2-1/2  times.  Planned  seepage 
control  for  the  modified  embankment  will,  therefore,  consist  of  assuring 
good  contact  between  the  upstream  relatively  impervious  zone  of  the  exist¬ 
ing  embankment  and  new  impervious  fill  placed  to  raise  the  embankment. 

In  addition,  the  internal  sand  drain  shown  on  Plate  B-2  will  be  constructed 
to  control  seepage  through  the  embankment  and/or  foundation  soils.  A 
perforated  pipe  toe  drain  will  be  installed  near  the  downstream  end  of 
the  horizontal  sand  drain  to  permit  collection  and  monitoring  of  seepage. 

The  pipe  toe  drain  will  discharge  either  into  the  spillway  discharge 
channel  or  into  the  old  river  channel  downstream  of  the  modified  embank¬ 
ment.  A  short  section  of  cut-off  trench  will  be  required  on  the  left 
abutment  to  cut  off  the  sand  and  gravel  terrace  deposit  on  the  left 
abutment  shown  on  Plate  B-3. 

47.  STABILITY 

Available  soil  strength  data  have  been  summarized  on  Plates  B-8 
through  B- 11.  The  preliminary  design  strength  parameters  and,  where 
necessary,  assumed  design  strength  parameters  were  used  to  perform  stabi¬ 
lity  analyses  of  the  modified  valley  embankment  section.  The  strength 
parameters  used  are  shown  on  Plate  B-5. 

48.  The  stability  analyses  were  performed  using  the  Corps'  Computer 
Library  Program  10013  (old  St.  Paul  District  741-X6-F5030)  entitled, 

"Slip  Circle  Slope  Stability  with  Side  Forces."  Results  of  the  stability 
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analyses  have  been  summarized  on  Plates  B-5  through  B-7.  Any  further 
stability  analysis  will  be  completed  at  a  later  date  for  inclusion  in  the 
Lake  Darling  Dam  Embankment  Feature  DM. 

49.  SETTLEMENT  OF  EMBANKMENT  FOUNDATION  SOILS 

The  maximum  depth  of  the  river  alluvium  is  about  140  feet  at  the 
Lake  Darling  Dam  site,  and  some  of  the  river  alluvium  is  made  up  of  highly 
compressible  (CH)  clays.  Preliminary  settlement  calculations  were  com¬ 
pleted  for  GDM  No.  2,  "Flood  Control  Burlington  Dam,"  at  two  locations 
beneath  the  modified  embankment  proposed  in  that  report.  The  computations 
indicated  that  for  the  modified  embankment,  20  inches  of  settlement  could 
occur  at  the  downstream  toe  of  the  existing  embankment.  This  indicates 
that  for  the  currently  proposed  modified  embankment  settlements  on  the 
order  of  20  inches  will  occur.  Required  overbuild  will,  therefore,  be  in 
the  range  of  1?  to  18  inches.  Revised  settlement  calculations  will  be 
presented  in  the  Lake  Darling  Dam  Embankment  Feature  DM.  The  settlement 
will  be  sufficiently  large  to  preclude  the  placement  of  concrete  structures 
in  the  valley.  The  new  concrete  gated  control  structure  will,  therefore, 
be  placed  in  the  left  abutment  so  that  it  can  be  founded  on  the  over¬ 
consolidated  Tongue  River  formation.  The  existing  outlet  works,  which 
is  located  in  the  valley,  will  be  removed  once  the  new  control  structure 
is  operational.  Since  the  existing  outlet  supplies  water  to  Ponds  A, 

B,  and  C  just  downstream  of  the  dam,  a  new  water  supply  structure  will 
be  required.  The  new  structure  will  be  a  gated,  42-inch  diameter, 
reinforced  concrete  pipe  which  will  be  located  in  the  right  abutment  to 
avoid  settlement-related  problems. 

50.  CONTROL  STRUCTURE 

The  topography  and  the  foundation  conditions  at  the  site  favor  placing 
the  new  control  structure  in  the  left  abutment.  The  geologic  profile  at 
the  centerline  of  the  structure  is  shown  on  Plate  B-4.  The  structure  will 
be  founded  on  the  overconsoli dated  Tongue  River  Formation.  Pervious  layers 
near  the  base  of  concrete  structure  will  be  drained  with  pipes  and/or 
sand  drains  to  prevent  uplift  pressures  from  developing  beneath  the  struc¬ 
ture.  Lignite  seams  near  the  base  of  concrete  structure  may  require  excava¬ 
tion  or  grouting  for  structural  reasons.  Rebound  of  the  overconsolidated 
Tongue  River  Formation  in  the  structure  excavation  is  not  expected  to  be 
a  significant  problem  because  of  the  relatively  shallow  depth  of  the  exca¬ 
vation.  However,  the  potential  for  rebound  will  be  investigated  further 
for  the  Feature  DM. 

51.  PROPOSED  DISTRIBUTION  OF  REQUIRED  EXCAVATION 

The  total  required  excavation  for  the  control  structure  and  associated 
approach  and  discharge  channels  will  be  about  746,830  cubic  yards.  The 
required  excavation  will  consist  primarily  of  glacial  till  and  Tongue 
River  materials;  however,  some  river  alluvium  will  be  excavated  at  the 
ends  of  the  approach  and  discharge  channels.  Most  of  the  glacial  till 
and  Tongue  River  materials  from  the  excavations  will  be  suitable  for 
embankment  construction.  Some  of  the  glacial  till  and  Tongue  River  material 
and  probably  all  of  the  river  alluvium  will  be  too  wet  to  use  in  the 
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embankment  and  will  have  to  be  wasted.  The  amount  of  wet  material  is 
estimated  to  be  about  20  percent  of  the  total  required  excavation,  or 
about  149,370  cubic  yards.  The  remaining  597,460  cubic  yards  of  required 
excavation  is  considered  usable  for  embankment  construction  and  backfill 
for  the  new  structures.  Required  fill  quantities  include  25,460  cubic 
yards  of  backfill,  134,270  cubic  yards  of  random  fill  and  227,900  cubic- 
yards  of  impervious  fill.  Total  required  fill  is,  therefore,  387,630 
cubic  yards.  The  remaining  359,200  cubic  yards  of  required  excavation 
will  be  used  to  construct  a  berm  on  the  downstream  side  of  the  embankment 
as  shown  on  Plate  R-2.  The  proposed  distribution  of  materials  is  pre¬ 
liminary  and  may  be  changed  following  completion  of  the  next  phase  of 
the  boring  and  testing  program  at  this  site. 

52.  CONSTRUCTION  SEQUENCE  AND  01  VCRS  I  ON  PLAN 

The  following  preliminary  construction  sequence  has  been  developed 
for  modification  of  bake  Oarling  Liam.  The  existing  secondary  spillway 
on  the  right  abutment  will  lie  enlarged,  with  concrete  and  sheetpile 
crest  protection  installed,  so  that  flow  can  be  diverted  through  the 
secondary  spillway  and  the  existing  low  flow  outlet  while  the  new  control 
structure  is  being  built  on  the  left  abutment.  following  modification  of 
the  secondary  spillway,  the  primary  spillway  will  be  cofferdamcd  off  to 
permit  construction  of  the  new  control  structure  and  as  much  of  the  new 
discharge  channel  as  practical,  excavation  for  the  new  spillway  and  dis¬ 
charge  channel  will  he  used  to  complete  the  required  embankment  modifications 
to  the  maximum  extent  practical.  When  the  new  control  structure  is  com¬ 
pleted,  the  downstream  cofferdam  will  then  be  removed  and  the  discharge 
channel  completed.  The  upstream  cofferdam  will  then  be  removed  and  the 
approach  channel  completed.  The  new  control  structure  will  then  be  opera¬ 
tional  and  diversion  will  no  longer  be  required.  A  cellular  sheetpile 
cofferdam  can  then  be  installed  around  the  upstream  end  of  the  existing 
low  flow  structure,  the  structure  excavated,  removed,  and  the  excavation 
backfilled.  Removal  of  the  cellular  cofferdam  and  completion  of  the 
embankment  and  right  abutment  approach  roads  can  then  be  accomplished. 


S00  LINE  RAILROAD  RAISE 


53.  GENERAL 

The  existing  Soo  Line  railroad  embankment  across  Lake  Darling  will 
be  raised  about  3  feet.  The  subgrade  elevation  of  the  raised  embankment 
will  be  1607.0  so  that  with  the  placement  of  ballast  and  trackage  the 
top  of  rail  will  be  1608.0.  The  centerline  of  the  raised  embankment  has 
been  located  downstream  of  the  existing  embankment  centerline  to  permit 
the  existing  track  to  remain  in  service  during  construction.  The  existing 
bridge,  located  in  the  river  valley,  will  be  replaced  with  a  new  bridge 
which,  because  of  foundation  conditions,  has  been  located  in  the  right 
abutment.  The  new  bridge  will  be  constructed  on  the  downstream  side  of 
the  track  so  that  service  can  be  maintained  on  the  present  track  during 
construction.  The  plan,  profiles,  and  sections  of  the  proposed  modifi¬ 
cations  are  shown  on  Plate  B-20. 
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54.  EMBANKMENT  DESIGN 


The  raised  embankment  will  be  constructed  adjacent  to  the  downstream 
slope  of  the  existing  embankment.  The  riprap  on  the  downstream  slope  of 
the  existing  embankment  will  be  salvaged  to  the  extent  practical  and  used 
on  the  raised  embankment.  Because  the  embankment  crosses  Lake  Darling, 
which  has  a  conservation  pool  elevation  of  approximately  1596,  under¬ 
water  placement  of  the  lower  portion  of  the  fill  will  be  required.  Pervious 
fill  will,  therefore,  be  used  to  construct  that  portion  of  the  embankment 
below  elevation  1597.  Above  elevation  1597  the  embankment  will  be  con¬ 
structed  of  random  fill.  The  upstream  slope  of  the  raised  embankment 
will  be  IV  on  3H  above  the  top  of  existing  embankment  and  will  be 
protected  with  15  inches  of  riprap  placed  on  9  inches  of  bedding.  The 
downstream  slope  of  the  raised  embankment  will  be  IV  on  3-1/2H  and  will 
be  protected  with  18  inches  of  riprap  placed  on  15  inches  of  bedding. 

55.  STABILITY 

Existing  borings  at  the  site  indicate  that  the  river  alluvium  has 
a  maximum  depth  of  about  55  feet  and  that  the  majority  of  the  river 
alluvium  consists  of  high  plasticity  (CH)  clays.  Available  strength 
data  for  the  river  alluvium  has  been  summarized  on  Plate  B-21.  End  of 
construction  and  sudden  drawdown  stability  analyses  were  performed  for 
an  embankment  constructed  to  elevation  1610.0  (for  the  Phase  II  GDM  No. 

2,  entitled,  "Flood  Control  Burlington  Dam").  The  currently  proposed 
embankment  is  3  feet  lower  and  thus  will  also  meet  criteria  for  those 
two  stability  cases.  A  complete  stability  analysis  will  be  furnished 
in  the  Feature  DM  on  the  Soo  Line  Railroad  Embankment. 

56.  SETTLEMENT  OF  EMBANKMENT  FOUNDATION  SOILS 

The  majority  of  the  river  alluvium  is  high  plasticity  (CH)  clays. 

These  clays  are  highly  compressible,  but  the  loading  and  other  factors 
are  such  that  settlement  of  the  embankment  will  be  relatively  small. 

Since  the  existing  embankment  occupies  about  45  percent  of  the  volume  of 
the  total  embankment,  and  since  5  to  7  feet  of  the  pervious  fill  will 
be  placed  underwater,  effective  stress  increase  in  the  foundation  soils 
will  be  significantly  less  than  if  the  complete  embankment  was  constructed 
at  one  time  and  underwater  placement  was  not  involved.  Under  present 
conditions  the  river  alluvium  is  also  preconsolidated  to  some  extent 
because  of  the  reduction  in  effective  stress  caused  by  the  submergence 
of  the  upper  zone  of  the  river  alluvium  by  the  Lake  Darling  pool.  This 
preconsolidation  also  helps  to  reduce  the  settlement.  Calculations  indi¬ 
cate  that  construction  of  the  raised  embankment  will  cause  about  5  inches 
of  settlement  at  the  centerline  of  the  existing  embankment  and  about 
12  inches  of  settlement  at  the  centerline  of  the  raised  embankment.  The 
settlement  is  considered  sufficient  to  justify  locating  the  new  bridge 
in  the  right  abutment  where  the  fill  height  will  be  less  and  the  bridge 
can  be  founded  on  the  much  stronger  glacial  till. 


57.  PROPOSED  DISTRIBUTION  OF  REQUIRED  EXCAVATION  AND  BORROW 

The  109,510  cubic  yards  of  pervious  fill  required  to  construct  the 
portion  of  the  main  embankment  below  elevation  1597.0  can  be  obtained 
from  a  sand  and  gravel  terrace  deposit  on  the  right  bank  just  upstream 
of  the  embankment.  The  288,700  cubic  yards  of  required  excavation  con¬ 
tains  sufficient  glacial  till  to  provide  the  105,810  cubic  yards  of 
random  fill  required  to  complete  the  main  embankment.  Present  plans  are 
to  waste  the  182,890  cubic  yards  of  excess  excavation  along  the  right 
abutment.  However,  consideration  will  be  given  to  the  possibility  of 
using  some  of  the  excess  excavation  as  random  fill  for  the  State  Highway 
28  road  raise  which  is  about  1  mile  upstream  of  the  Soo  Line  crossing. 


ROAD  RAISES  -  STATE  HIGHWAY  28  AND  FAS  ROUTES  3809  AND  3828 

58.  These  road  relocations  have  been  grouped  together  for  discussion 
purposes  since  the  raises  will  be  relatively  small  and  embankment  designs 
will  be  similar.  FAS  3809  (old  FAS  729)  and  State  Highway  28  are  north- 
south  roads  that  cross  the  Souris  River  valley  3  mile;  north  of  State 
Highway  5  and  1  mile  north  of  the  Soo  Line  crossing,  respectively.  FAS 
3828  (old  FAS  471)  is  an  east-west  road  that  crosses  the  Souris  River 
valley  2-1/2  miles  south  of  the  Soo  Line  crossing.  State  Highway  28  and 
FAS  3828  will  be  raised  to  elevation  1607.0  to  decrease  the  frequency 
of  inundation.  The  maximum  embankment  raise  will  be  about  2  feet  for 
State  Highway  28  and  about  5  feet  for  FAS  3828.  The  centerlines  of  the 
raised  embankments  will  coincide  with  the  centerlines  of  the  existing 
embankments  to  the  maximum  extent  practical  in  order  to  minimize  settle¬ 
ments  and  fill  quantities.  Although  subsurface  data  at  these  sites  is 
lacking,  it  is  believed  that  IV  on  3H  slopes  will  provide  stable  embank¬ 
ments  and  that  settlements  caused  by  the  relatively  small  raises  will 
not  be  excessive.  The  slopes  of  the  embankments  will  be  riprapped  to 
provide  protection  from  wave  action.  Fill  for  the  embankments  will  be 
obtained  from  borrow  areas  since  there  will  be  no  significant  amount 
of  required  excavation  at  the  road  raises.  Random  fill  can  be  obtained 
from  glacial  till  deposits  at  either  end  of  the  road  raises.  Pervious 
fill  will  be  required  for  those  portions  of  the  State  Highway  28  and  FAS 
3828  embankments  below  elevation  1597  since  the  two  roads  cross  Lake 
Darling.  The  pervious  fill  can  be  obtained  from  sand  and  gravel  terrace 
deposits  at  the  right  abutment  of  both  raises.  A  new  bridge  will  be 
constructed  to  replace  the  existing  bridge  on  State  Highway  28.  On  FAS 
route  3828  the  superstructure  of  the  existing  bridge  will  be  raised  to 
elevation  1608.5.  Prior  to  the  preparation  of  the  Feature  DM  on  these 
road  raises,  boring  and  testing  will  be  required  to  obtain  the  soil 
parameters  needed  for  final  design  of  the  embankments  and  the  new  bridge 
on  State  Highway  28.  The  plan  view  for  State  Highway  28  and  FAS  route 
3828  are  shown  on  Plates  B-23  and  B-24,  respectively.  These  two  roads 
will  not  be  scheduled  for  simultaneous  construction  because  of  their 
proximity  to  each  other  and  the  need  to  provide  alternate  routes  for 
construction  detours.  Improvements  of  FAS  route  3809  will  consist  of 
placing  4  inches  of  new  stabilized  aggregate  surfacing  and  placing  rip¬ 
rap  and  bedding  on  the  existing  embankment  slopes  to  provide  wave  pro¬ 
tection  when  Lake  Darling  is  high.  Additional  design  and  analyses  will 
be  included  in  the  Feature  DMs  on  the  road  relocations. 
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STATE  HIGHWAY  NO.  S  ROAD  RAISE 


59.  State  Highway  5  is  the  major  east-west  highway  crossing  over  the 
Souris  River  in  the  reach  between  the  Canadian  border  and  Lake  Darling 
Dam.  Present  plans  call  for  raising  the  crossing  from  about  elevation 
1605.0  to  a  minimum  elevation  of  1607.5.  Two  spans  will  be  added  to 
the  existing  bridge  and  the  bridge  deck  will  be  raised  to  provide  a 
roadway  surface  elevation  of  1610.5.  It  is  assumed  that  an  older  High¬ 
way  5  bridge,  which  is  still  in  place  just  upstream  of  the  present 
bridge,  can  be  used  to  detour  traffic  around  the  present  bridge  while 
required  modifications  are  made.  The  remaining  embankment  will  be 
raised  by  raising  1/2  of  the  embankment  at  a  time,  thus  keeping  one  lane 
open  for  traffic.  The  plan,  profile,  and  sections  for  the  raise  are 
shown  on  Plate  B-25.  The  embankment  will  be  constructed  of  random  fill 
and  will  have  a  top  width  of  40  feet  with  IV  on  3H  side  slopes.  Prior 
to  fill  placement  the  existing  ground  will  be  stripped  6  inches.  Up¬ 
stream  and  downstream  slope  protection  will  consist  of  18  inches  of  rip¬ 
rap  placed  on  9  inches  of  bedding.  The  existing  pavement  will  be  removed 
and  replaced  by  a  bituminous  paved  surface  32  feet  wide.  Existing  borings 
at  the  site  indicate  that  the  river  alluvium  has  a  maximum  depth  of  60 
feet  and  consists  primarily  of  low  to  high  plasticity  clays.  Available 
strength  data  for  the  river  alluvium  has  been  summarized  on  Plate  B-27. 

The  random  fill  for  the  embankment  will  consist  of  glacial  till  obtained 
from  a  borrow  area  on  the  right  abutment.  Remolded  strength  parameters 
are  summarized  on  Plate  B-26.  A  partial  stability  analysis  was  run  on 
this  embankment  in  Phase  II  GDM  No.  2,  entitled,  "Flood  Control  Burling¬ 
ton  Dam,"  which  indicated  satisfactory  factors  of  safety  for  the  embank¬ 
ment  at  a  top  elevation  1626.0.  Since  plans  currently  call  for  an  em¬ 
bankment  with  a  top  elevation  that  varies  from  1607.5  to  1610.5,  no 
stability  problems  are  anticipated.  The  reference  cited  previously 
indicated  that  20  inches  of  settlement  would  occur  if  the  embankment 

were  raised  to  elevation  1626.0  (a  21-foot  raise).  Current  plans  call 
for  a  raise  of  only  2.5  to  5.0  feet,  and  thus  much  smaller  settlements 
are  anticipated.  Detailed  analyses  of  the  embankment  will  be  furnished 
in  the  Feature  DM  on  Highway  5. 

60.  A  total  of  38,960  cubic  yards  of  random  fill  is  required  to  construct 
the  embankment  and  detour.  Only  about  10,920  cubic  yards  of  this  total 
will  be  obtained  from  required  excavation.  The  remaining  28,040  cubic 
yards  of  random  fill  will  be  obtained  from  a  borrow  area  on  the  right 
abutment.  About  88,680  cubic  yards  of  channel  excavation  will  be 
required  for  the  new  bridge;  however,  the  channel  excavation  will  be 
primarily  river  alluvium  that  is  too  wet  for  use  as  random  fill. 

Channel  excavation  that  is  unsuitable  for  embankment  fill  will  be 
disposed  along  the  right  valley  wall  upstream  and/or  downstream  of  the 
embankment . 


ECKERT  RANCH  AND  MCKINNEY  CEMETERY  LEVEES 

61.  These  two  sites  have  been  grouped  together  for  discussion  purposes 
since  the  levee  designs  at  each  site  will  be  similar.  Plate  B-29  shows 
the  proposed  plan  for  Eckert  Ranch,  and  Plate  B-31  shows  the  plan. 


nan 
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boring  log,  and  section  for  McKinney  Cemetery.  Borings  for  Eckert 
Ranch  are  shown  on  Plate  B-30.  The  Eckert  Ranch  site  is  on  the  left 
side  of  the  valley  about  2  miles  north  of  the  Lake  Darling  Dam,  while 
the  McKinney  Cemetery  is  located  1/2  mile  south  of  State  Highway  No.  5. 
Each  site  will  be  protected  from  the  increase  in  the  Lake  Darling  pool  by 
a  levee.  The  levees  will  have  a  top  elevation  of  about  1610.0,  with  IV 
on  3H  side  slopes.  Although  some  subsurface  data  has  been  obtained  for 
each  site,  no  testing  is  available.  Consequently,  no  stability  or  settle¬ 
ment  analyses  have  been  completed.  However,  it  is  believed  that  IV  on 
3H  slopes  will  provide  stable  embankments  and  that  only  minor  settlements 
will  occur.  The  riverward  slopes  of  the  levees  will  be  riprapped  to 
provide  protection  from  wave  action.  Required  borrow  will  be  obtained 
from  the  glacial  till  deposits  on  the  valley  walls.  Further  testing, 
design  and  analysis  will  be  presented  in  the  Feature  DM  for  each  site. 


RENVILLE  COUNTY  PARK 

62.  Renville  County  Park  is  located  about  2-1/2  miles  north  of  State 
Highway  No.  5.  Present  plans  are  to  protect  the  area  with  a  levee  and 
a  cut-off  channel.  The  plan  for  Renville  County  Park  is  shown  on  Plate 
B-32.  The  levee  will  be  constructed  to  elevation  1610.0,  with  IV  on 
3H  side  slopes.  The  riverward  levee  slope  will  be  riprapped  to  provide 
protection  from  wave  action.  Slopes  of  the  cut-off  channel  will  be 
IV  on  3H,  and  a  control  structure  will  be  located  at  the  upstream  end  of 
the  cut-off.  Five  borings,  shown  on  Plate  B-33,  have  been  taken  along 
the  proposed  alignments.  They  indicate  that  much  of  the  material 
excavated  from  the  cut-off  channel  can  be  used  to  construct  the  levee. 
Excavated  material  that  is  unsuitable  for  levee  construction  will  be 
disposed  along  the  cut-off  channel.  Required  borrow  will  be  obtained 
from  glacial  till  deposits  on  the  left  valley  wall.  No  stability  or 
settlement  analyses  have  been  completed  to  date,  but  experience  indi¬ 
cates  that  the  IV  on  3H  slopes  will  be  stable,  and  settlements  will 
be  relatively  minor.  Further  testing,  design  and  analysis  will  be 
presented  in  the  Feature  DM. 


BURLINGTON  TO  MINOT  LEVEES 

63.  Several  residential  areas  below  Lake  Darling  will  require  protection 
from  the  discharges  of  the  reservoir  under  the  present  operation  plan. 
These  sites  are  as  follows: 

a.  Johnson's  Addition 

b.  Brooks'  Addition 

c.  Talbot's  Nursery 

d.  Country  Club  Acres 

e.  Robinwood  Estates 

f.  Kings  Court 

g.  Rostad's  Addition 

h.  Tierrecito  Vallejo 

i .  Sawyer 
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Plans  for  sites  1  through  8  are  shown  on  Plates  B-34  through  B-40.  The 
plan  for  site  9  is  shown  on  Plate  B-42.  Each  site  will  be  protected  with 
a  levee  with  IV  on  3H  side  slopes.  Some  borings  have  been  taken  at  each 
site  and  are  shown  on  Plates  B-41  and  B-43.  There  is  no  test  data 
available,  therefore,  no  stability  analyses  or  settlement  computations 
have  been  performed.  However,  past  experience  in  the  area  indicates 
that  the  embankments  wi 1 1  be  stable  and  settlements  will  be  relatively 
minor.  Required  borrow  for  construction  of  the  levees  can  be  obtained 
from  the  glacial  till  deposits  on  either  valley  wall.  Further  boring, 
testing,  design  and  analysis  will  be  completed  for  each  site  in  the 
appropriate  Feature  DM. 
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l  E  t  _  _*C*NAeCVl 
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T'PIlAI  ttCTlC'N-  .  LFT  AbV^MFNT  AP 
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NOTES 

/  Profili  it  ribmod  looting  Oomnttroom 

2  Boring  hrcotiont  Org  shown  on  Plot*  B-l 

3  Soo  Ptoto  Bl2  for  Boring  fogonj. 

4 .  Tho  motor  tot  to  is  shown  on  thO  prof  Ho  ty  tfto 

symbol _ _ ^ _ jho  motor  tot  to  It 

in  for  rod  totod  on  limit  00  motor- loro  I  do  to 
from  tonngt  one  tho  toto  of  tho  tom  of  oaidotion. 

44  tor  loro  it  m  tho  toringo  morkod  mith  on  os  to  risk 
mdirgto  port  tom  motor-tooring  too  mo  in  tho  importioot  till. 

Borings  mith  no  motor  loro  I  inOieotoO  ono  not  shown  ot  dry 
on  thorn  in  mhich  no  motor  torn  It  mom  dotorminoo. 

3  011  toon  of  Borings  opofroom  ond  doomstroom  from  tho 
prof  Ho  lino  on  Indfootod  by  US.  ond  QS. 

6.  Foundation  or  OMtoootioo  limits  shown  by 
this  symbol - • 
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RL«T  |  DESISN  MEMORANDUM  no  S  OENERAl 

rrr -  FLOOD  CONTROL 

_  -  LAKE  OAR  LINO,  NORTH  DAKOTA 

*L*  LAKE  DARLING  DAM 

>  srr  SUBSURFACE  PROFILE 

QC.C. _ J  EMBANKMENT  CENTERLINE 
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OCNON  MEMORANDUM  NO.  S  BENE 

FLOOD  CONTROL  -  LAKE  DARLING 
SOURIS  RIVER,  NORTH  DAKOTA 
LAKE  DARLING 
SUBSURFACE  PROFILE 
SPILLWAY  CENTERLINE 


BO  I2D  160 

END  OF  CONSTRUCTION 


END  OF  CONSTRUCTION  W /  EARTHQUAKE 


SOIL  PARAMETERS 
soil  KSCMffioN  uwT 

NO _ MOST 

1  NEW  EMBK  FILL  126.0 

2  E*IST«0  EHWt/KL  118.0 

3  rockfm  135.0 

4  uweruht-alumlwi  123.0 

5  lower  unt-alumum  240 

6  berm  fill  1090 

7  sano  130.0 

1  IHtSE  SOIL  PARAMETERS  ARf 
DONE  0«  GLACIAL  TILL  . 

F  HOCKFAL  BEAM  tftl  ANG  SANO 


WEIGHTS 

SATURATED 

1330 
123.0 
135  0 
1230 
1240 
122.0 

...m. 


0  TEST  , 
CIPSF)  B'.OEO 

1730.0  2  0 
!3000u’  4.3'n 
O.lf'XCP 
700.0  00 

1 100.0  0.0 


CIRSf)  BHICGl 
200.0  120 
640  0  H.7 
0.^360®’ 
560.0  230 
1120  0  " 
cat,  r  (4^ 


CCPSn  tteEG)  C(£f)  »(0tG) 


ASSUMED  VALUES  BASED  OW  REMOLDED  SOU 
PAR  AME  T  F  RO  ARE  ASSUMED  VALUES. 


o; 

fSTS.lCONOUC- 


0.0  295 
00  %  29.5 
00°'  36.0®' 
0.0  30.0 
00  30.0 
O.Cp’  22  Q„' 

UCTEO  ICR  THE  ( 


100.0  20.75 
320.0 , 20.60 
O.d21  36  00®' 
280.0  26  50 
560.0  2050 


TAO 


MAXIMUM  POOL  ARC  TABULATION  1 

ARC  NO- 

CENTER  COORDINATES 

TANGENT 

FACTOR 

OF  SAFETY 

X 

Y 

EUV- 

BEFORE 

AFTER 

A 

-102,9 

1682.3 

1570.0 

2.580 

1.43 

B 

-123.1 

1723  3 

1580.0 

2.331 

.21  * 

c 

-109.0 

1720.0 

15850 

2.402 

.28 

D 

-  41.8 

1633.5 

1606  0 

2.155 

1.87 

TOP  OF  OATES  ARC  TABULATION  I 

ARC  NO 

CENTER  COORDINATES 

TANGENT 

FACTOR  OF  SAFETY  I 

X 

Y 

ElEV. 

BEFORE 

AFTER 

1 

-107.3 

672.7 

15700 

2.619 

147 

2 

-114.3 

1678.7 

1575.0 

2.526 

132 

3 

-122.2 

1718.9 

1580.0 

2.310 

1.22  • 

4 

-1 15.1 

1736.6 

1585  0 

2  390 

1.28 

»  NOTE-ARC  3  AND  ARC  B  ARE  DRAWN  AS  ONE  ARC  THE  «QO 
MINIMUM  FACTORS  OF  SAFETY  FOR  ARC  6  IS  1.0.  *N0 
1 2  FOR  ARC  3. 


SUOOEN  DRAWDOWN  -  MAXIMUM  POOL 
ANO  TOP  OP  OATES 


NOTES _ 

REFERENCE  PLATE  B5 


-  SOIL  PARAMETERS 


ARC 

NO 

CENTER  COORDINATES 

X  Y 

TANGENT 

ELEV 

FACTOP  OF 
SAFETY 

SURCHARGE  POOL 

1 

197.4 

1811 .7 

1510.0 

4  34 

105.8 

1805.8 

1515.0 

A33  • 

3 

194.5 

1812.3 

1520.0 

4.35 

SURCHARGE  ANO  MAX.WJM  POOL 

4 

566 

1652.7 

1603.0 

223 

5 

50.0 

1644.0 

16000 

235 

6 

295  9 

1695  2 

15840 

130  •• 

7 

290.9 

1662.5 

15800 

1.67  * 

e 

202.7 

16306 

15600 

2.75 

9 

2  79J 

1635.0 

1543.0 

3.M 

MAXIMUM  pool 

10 

201aO 

I815J 

1315.0 

4.37 

1 1 

2000 

I8KA 

(520 J) 

4.37  • 

12 

195.2 

1819.1 

15250 

4.38 

*  THEREQO  FACTOR  OK  SAFETY  FOR  MAXIMUM  POOi. 
IS  1.50,  AND  1.40  FOR  SURCHARGE  POOL, 

••  SEE  NOTE  2 


SURCHARGE  POOL  £1.1609  0 


a 


-200 


-160 


-120 


-80 


-40 


NOTES 

1.  REFERENCE  PLATE  B-5  FOP  SOIL  PARAMETERS 

2.  ARC  6  00€S  NOT  MEET  THE  OESHSN  CRITERIA  FOP  STEAOT  SEERK5E  STAS  IL  ITT  ANALT5IS, 
HOWEVER;  IT  IS  A  SHALLOW  ARC  IN  A  BERM  KITH  ASSUMED  SOIL  PARAMETERS  ,  AND  A 
FACTOR  OFSAFETT  OF  1J0  IS  ACCEPTABLE  POP  THE  OIVEN  CONDITIONS. 
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DESIGN  MEMORANDUM  NO  3  GENERAL 

FLOOD  CONTROL  -  LAKE  DARLING 
SOURIS  RIVER.  NORTH  DAKOTA 

LAKE  DARLING  DAM 
FOUNDATION  STRENGTHS 
UPPER  UNIT 
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NOTE: 

I  FIRST  HOLE  ABANDONED  DUE  TO  CROOKED  HOLE  AT 
EL.  1542.7  MOVED  5.0  FEET  &  DRILLED  NEW  HOLE 

2.  UNABLE  TO  CORE  THE  TONGUE  RIVER  FM  DUE  TO 
CROOKED  HOLE  COMPLETED  BORING  BY  DRIVING 
2-INCH  O  D  SAMPLER  EVERY  5  FEET 
Cleaning  our  with  roiler  bit 

3.  HOLE  BACKFILLED  WITH  CEMENT. 
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DRY  HOlE. 
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NOTE: 

1.  DRY  HOLE  ABOVE  EL.  1571.6.  ANY  WATER  PRESENT  BFtOW  Eu  15716 
NOT  DETERMINED. 

2.  CASING  SET  TO  1615.2  ALL  CASING  PULLED 

3.  HOLE  BACKFILLED  WITH  CEMENT. 
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NOTE: 

■  A'ER  kEVEL  LOGGED  DURING  DRILL EO  AS  A  WATER  ENCOUNTER 
2.  CORE  FRACTURES  NOT  LOGGED 
3  CASING  SET  TO  EL  I5T9  2  ALL  CAS:NGS  PUllEO 
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’t  07M 

23  MAR  I*P6 


fKS  , 
•  3 

Li 


IS  MAVXL.  LOOK.  DPT  L 

muToimlcb 

LTV.  v.  BT1PP  TLL.  LT.-M 


OB. TV.  V.  OTIPP.  MOIST.  OK.  BM.-ORAT.  MOTTLCOS  BANOV 


SK.TV,  y.  ITMP.  MOIST.  OKAY.  BANOV.  PCBOLCS 


M.TV.  BTIPF.  MOIST.  OK.  MAT.  SAMOV.  PCBOLEB 


TOP  OP  TOMOW  OfVfK  PM. 


'333  B  L _ I 

NOTE; 

DRV  HOLE. 

2.  CASING  SET  TO  El.  1610  3  ALL  CASINGS  PULLED 

3.  tnE  TONGUE  RIVER  FM  WAS  DRIVE  SAMPLED: 

THEREFORE  NO  CORE  BREAKS  OR  FRACTURES  WERE  lOGGEO 


•» TER  PRESENT  BELOW  El  IS7I.6 


NOTES  FOR  BORINGS  76-BIM  THROUGH  76-HIM 

I  PENETRATION  RESISTANCE  IS  SHOWN  TO  TmE  lEFT  AT  ThE  BOR'NG  STAFF 
UNLESS  OTHERWISE  INDICATED.  THE  NUMBERS  REPRESENT  THE  BLOWS 
NECESSARY  TO  ADVANCE  A  4  OR  6-tNCH  >D  DRIVE  BARREL  2  FT 
WITH  A  4T0-LB.  DRILL  STEM  FALLING  24  INCHES. 

2.  UNLESS  OTHERWISE  INDICATED.  ThE  WATER  lEVEl  SHOWN  REPRESENTS 
’'HE  LEVEL  AT  WHICH  FREE  WATER  WAS  FIRST  APPARENT  IN  THE  SAMPLES 
ACTUAL  WATER  DETERMINATIONS  WERE  NOT  MADE. 

3.  UNLESS  OTHERWISE  INDICATED.  THE  CASINGS  USED  WAS  3-1/2  INCHES  >  D. 
4  UNLESS  OTHERWISE  INDICATED.  THE  HOLES  WERE  BACKFILLED  WITH 

SOIL  COMPACTED  DURING  BACKFILLING  WITH  A  470-LB.  DR'LL  STEM. 

5.  THE  VERTICAL  SCALE  FOR  BORINGS  76-I07M  THROUGH  76-IUM  IS  DEPTH 
BELOW  GROUNO  SURFACE. 
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i  APPROXIMATELY  400  CAL.  NATER  lOSS.  >N  LlCNlTE  BED 
AT  EL.  1547.1 

Z.  CASINC  SET  TO  EL.  1C3S.0.  ALL  CASINCS  PULLED. 

3.  HOLE  BACKFILLED  »ITM  CEMENT 


NOTE: 

1  NO  CASINCS  UXO  IN  HOLE 

2  TONGUE  RIVER  PR  DRIVE  SAMPLED. 


CORE  BREAKS  OR  FRACTURE*  I 


NOTE: 

i.  ca mm  kt  to  il.  mu.  a 

ft.  LOOT  OBOE  DOE  TO  CROOKED 
S.  MOLE  MCKPKXED  B/COXNT. 


GS  1 4 0*0  I  LL  PL,  TWCS 

'  ^TOPSOK  CL  NUTClLT.  LOOM.  OPT.  LT.  MN.  OUTPAM 


Lfisst^j 

*934.0 


58.  ■£S5“«»s8lK.,*t'  ^  LT-  ,",t 


«.  STVP  TLL.  mm.  OK.  MAT 


feWkSTSTTV  HELK**" 
aS'ffitASiWTMSR.*- 
SUSfflL^’  *• 

El  \ 


1.  WATER  LEVEL  INDICATES  EIRST  APPEARANCE  OF  WATER  IN  THE 
DRILL  HOLE.  SOURCE  APPARENTLY  A  THIN  ZONE  OF  L IONITE  SEANS. 

2.  CORE  SREAXS  NOT  LOOSED. 

s.  casino  ter  to  el.  isto.».  all  casinos  pulled. 


.w-jtl&.t  «r«rmjr  ■ 

XTY.  ?.  mm.  V.  MPT.  SR.  MAM. 
m  MM  LSSSS.  SST.  LT.  SML 


**•*.  MTT.  «T.  SAT.  LT.  S 
S.TT.  V.  MPT.  XT.  SAT.  LT. 
S.TY.  SAT.  LT.  TM-SSR.  LM 
K.TT.  V.  MPT.  XT.  LT.  TR.-1 


MTT.  V.  I 
XT.  SAT. 


.  SAT.  LT.  YM-SRS.  MAYMLT. 


CASINOS  XT  TO  EL.  1570.5.  ALL  CASINOS  PULLED. 


i  *4' 


*30 


m  iiii  iioiGaMHn 


i  look.  o*v.  beac*  deposit.  oxam.  lt.  busty 

MM.  MTt  OUTSA*  LOOSE.  BUY.  ■MTt- 
_-6W-4 M  r-ut  COBALTS  PtMUl 

SILTY.  V.  ST**HAItt  TILL.  MOIST.  DM.  MAY.  SAMOY 


I.  DRY  HOLE 

a.  CASING  INSTALLED  TO  EL,  1597.3. 
ALL  CASINGS  PULLED. 


4“ BAROCL 

GW 

GM 

¥ 

SM 

sw" 

2_B 

SM 

sw 

SI  1593  9 

SM 

CL 

1397.0 

CL 

NOTE: 

tobsoa.  sirr.  lt.  so*.  mot  ham 

^rwrssLWjr** 


ssa*ri-srB«Tl'i 

•ATE- TAB 

R*^U!T,aa:  — 


EST  %  £St 

""  “  —  cL®?5  —r.  »  MU  . 


uiM-iMnur  car  act.  ant.clcmi 

LOOSE- SOMWHaT  car  ACT.  MAT.  CLCAM, 
■MTE-TAM 


1  wwoi  ear  act.  damp.  yet.  clrab 
ww  nu.  MMT.  ML  MAY. 


»rr»,lCTrf3fc" 


CASING  SET  TO  EL.  (594.1.  ALL  CASING  J>l>u.ED. 


NOTE: 

casing  set  to  el.  igoa.s.  all 
casing  pullEo. 


1/7  T  QQ 

3*  4‘ 0*000. 


on  outsmb  mnum  bbcx  a  cum 

«* 


B/FT  0  0 

M  4-BAHBtL  r 


SLTT.  f.  I  W.  NAM  TVL.  MKST.  ML  S0M.-4BAY  *3 


1.  DRY  MOLE 

2.  CASING  SET  TO  06PTM  10.3  FT.  ALL  CASINGS  PULLED. 


tMMOAMl  4aBD  SOX  FOAMCMTS. 


LOOSE.  SET.  LT.  BUSTY  MM. 
SAMY.  Y.  STTf  Tlx.  LT.  MB 


CASING  SET  TO  DEPTH  10.3  FT. 
ALL  CASINGS  PULLED. 


76-109M 

OAPOLI970 


8/FT  00 
51  4-BAW*L 


_ff_0  |CL  ) 

NOTE: 


3»VT»W.rSL“,n 

OCC.  SAT.  SABO  FOAOHEMTS 

ausaxt.  loose,  bet.  lt.  mm. 

OCC.  CNAi 

SAMOY.  MRS.  MTT.  LT.  tWi.  MAYRU.Y 
■LTY.  Y.  trrr  TILL.  MOIST.  ML  MAY 


CASINGS  SET  TO  DEPTH  IO-5FT. 
all  casings  pulled. 


MASCLLY.  LOOM.  MT.  LT.  OUOTY  MM. 

ft UOTAUHT WT  ^ 


HOLE  DRILLED  WITHOUT  CASING. 


00  1 

[TZ1  BUTOXY.  LOOSE.  MY.  OUOTY  BM. 


NOTE : 

1.  DRY  HOLE 

2.  HOLE  DRILLED  WITHOUT  CASII4G. 


7B-I6M 

i  5  ten 


*  '97#  % 

Lj.  awgs 

1*i»  44 


apytare-’'  *  Oeno-rty 


t*’t  j'v  -j  i>r  Mj.’Kff  (-.//iv/e.- \sj  we<tyyk,/.  A// 
f>c  apparent  t**dd"\  med  sttff  v  ibff  nto/S* 
r  rrronf 


Os'*/#/  focfxs, 


9  c  'dye*  .*•-  -}  **V-4  '  i.»  O  ' 

Je7/wy-  ^  itc'  ?-ftst*a 
'V*p  a/  Tongue  #-•*>'  fm 
Sidsfone  >orr>  *  .»«.••■  v*  ,v»*7  .*«  ••'«' 

^  flat,  si-gb/iy  wears**- «/  agbf  getf 


/Shak  0’*d  \o "*/> f<v*e 
-  ></  tartjoe  fora •"  /  -. 

WA»  Av f<r  !♦/  ihatc  a  no 
£/»y  /!/  greerti  i  A  y/o^ 


yn»  j/u*  tv i 


/u/»  »o//  yoj' 


ETs> 


Vg-\j6  4>/>0  ,'J  V  Vv'/V>»  AA. »  .*«.•*«'» 

V\_y  >g/A  rt,*  /  v  ?*> 

s  .W/yjfevw’  #/*»  e/ayr*  so/\ry  tsft  v\t\)tnr>eo. 

Sho/e  /am  *  tA*n  frettJe*/  sett  < renjte  umv 
v.  .  nicrr-faudno  or  /am  nae  s/^AA/y 
\+*vtr>e*res/,  cf*  fnry  o.-sj  .f  £*n 
v  iook^’bAe*  a?**'  fA«ri  OeddesJ.  £>dyey. 

f>ne  t.vne  nucrefao- A-/kf  yufy 
*V»e  »T/j  '/7*1  ^v/t* ,  ?  o^-  J  At,//*'  ,  J  •?.*/  //.>» 
\\vW*  /tW?  pOOr/y  we  /t  (‘ertyt*  i)l  Oil 
\\J  'yf’te  bottle  t>ku‘k 

,  Xs/yfr  /<?/r>  u'^/  y  -•> 

N^/k,-^  /6w  j///^  tandy  >oiA  dense  Atne.yvy 
\  \*k/Ae  v. 'ess  /v-.  forces  *oft  de/te.  Stgtsnh 

'■Si”" 

\  W  /Tj4v  **  ^  *»  /  »«/.*'»  td+A  Je/J*e  *'  'fr 

\ibdtr  ion*  j  ,/fy  v'//  de-ne .  d*  <?'<ty 
\  'sjtffone  ;jm  Stfr\yy  *‘-'v«y  v/"(’  7//* 

V*  ' "  *v<> 


M  .*tm/  g|  r  -  “•  So '» /)  tc  ','v*  r  Asp*/  Sf  gree n  ■.» A  gray  I 

*  l  i37?  j  Tv?,*  1  /'yn  ^  /h*</i7jvi  ii //y  dense 

co  %co«€  ^ - ->  - .  ^y/£,»  ^ 

HtC  SU-2 — — itstesne  hj-n  .  lO-Kty  Ci.ftf)  soft  <j'*v 

Sg  N\  J0/n  f/oy+y  j  »//>  r  )£>(,!  ft ne  dense, 

s  +onr  hym  sorsi/y  c /aye y  soft  dense  f>ne,  J 

7}  lfefcr-=^  ^^d«8fr*re<J  rr,.<  ’C'fa(,,y,„9i9rijy  ^ 

- 5?  **  '  —  sand*  retie  Ions  C'oyey  y  Sotrf/Oe  ywy 

90  —  -  3/?5^v*’  /<j/r>  erasj  /‘eiAstrt/  sof/  <y  'csy  - 1.  A 

- - -  \_  sam)  *r>ne  lorn  cfo ye y  ysoft,  ten  t/e>ed 

?0,^  jr  — n/\  Otypen/ed  ,'oyers.  gray 
-  - — —  sHtfs/tete  /o/>> ,  c 'on  bedded  cahareoos  ere/I  __  {^q 

y3_  . - sSSS^dernentedt'Stiieeotfyered.  gray 

_'I‘_  \v\' v  5«/.-  •  si  //stone  i  ho/e,  mSe/  bedded  ’ 

SSC  Vy\\4w»^ 

160  —  \  \  d\7jgni re  eAtyey  bn ///<•  ts/k 

d-  N.  'v^JAv.Sr  lorn  u/f)  Va/ /  efftty  — 1940 

120  =;H-“  “\  \  \$Jhfn/)t'  \o/n/sforye  k,m  soft.  g>ay  .Lg 

‘-r  \  \  \A'd  /am  \'/ty  s^rf  j.-.v/Tr,  oi/>uO*C  fon/t) 

!>!'  Ml£l_  -v  \^fSA'nL^Z.AMV  ,.!//  J„ur,M»#rr*J 

v  \  <*/cofc\/  *'Ck'tts'e\  b/.vAey  trsfisre  //gray.ih  —'930 

\ 

\  /a nr.M/fy  *»//  set-em/ /r<f/r,/e  ysarbops 

\ 2"r 

— *1920 

46Ar 

7A*  tnor'e>‘o/ tse/^een  e/ei'crr^n"  / J  /i»  om*  /S /9  9 
ay/'eores  rrsef-s  ft />gu/ s-*so/y/e  f'on>  /An/  found  'n  f/>e 
uno'er/yr  lg  dcvsg&e  A‘»-o'  /oss-rto //<?,'->  and />roAnb/y 
ho\  bee tf  d/ ree  f  fy  re/>sa*etf  from  //yaA  c'St*  A 


it  bus  Jen W  d’  y  4%  </rad  / 

Lt  tsrn  dense .  Jr y 

If  tsrn  nsed  w>%/  b/  As  o/t:/ay  2  “t>  yi/v«?V 

Gray/sh  b'  n  s.  srx/y  f)0>  d  rTK» »  /  t>  '/ 
fr*  Wtf  J/V^V 

b/n  so**/,  dente  d-y 


Gray  d/  J'oy  %onctg.hord  sh  f f  many 

•sjnd  won  >s  Ad 


fH/Off  r  ysuifs  A  .  "  rrttY*’ffad  6>  AAo  etAre, r>e  let  A  f  <•.*-/■/*••  -rn  \A. 
\‘a/ue \  /•*■»  ’.-■•  <-%,vr-\\r'  i  ,  ■.  d'-H- \/r  r  wme  >yf<  t.s  >»/  m-  ■*//  .>  /  «  ’r7 
ds  w/?',/'  \p,:/  t »,’/  '* •//  ;*)"->Ii/r  r  ,  //  •✓'*//  tsy  .  ■  //ft /h  ft  .*//»//•«■>•  /v,' ' 
V-”  ■'■'•/'■'■yl  td.n-n;/  ly  ,.  v  p/  ,  V  d/i,.,,.// 


*#  M  • 

♦  i  r  ••■n 


0C9MN  MCMOMNDUM  MO  9  OENC 

fLOOO  CONTROL  *■  LAME  DftttUHG 
SOO*»IS  PfVfH,  HOPTM  DAKOTA 

I  AKE  OARLtNG  0AM 

7S-N2M  THRU  7691 7M 


i  MMmL  mmm  ' 

I  RI-R-5/7J7 


PLATE  NO  B-18 


t-Vvi  -‘ 


7M45M 

21  24  SOT  |A»TA 


BLOWS/CT 

«ro) 


SU.TVCLAV,  «JfT.  ,U  FiA\rtCitY,  0*».  v  oa&MjiC  (*001*1 
Ml  W  SAWO,  l  006 1  AToiJT 
.F.»fV  Silt,  SOFT,  low  **L«*Tfc,TV.  mOUT 
5  ClAV  MCD  sncF.  MTO  FLaSTiCiTY,  MOIST 
•-  *vcv  «*uov  utr.  soft  low  »wst ic •  tv,  v.  moijt 
SilTV  Curt,  MD  ST>tT,  VOW  PLASTtC'TV.  Moist 
jiltv  clat,  saucy,  stiff,  plasticity 

LOW  KASTKiTY,  WCT,  SLIGHTLY  OMAUtC 

a  -*v  ti^v  »**j*v,  **t>  tiuf,  low  nntnciN  v  poijt 

^u«v  clay.  ms  snft ,  MfD  •  m«h  oucneitv,  mo*»t 

CLAVCV  (W  Sltr  .-OFT  M«I1  STIFF,  u  AOL5T 
S.LtV  SAMO.  L*C«.  SAT, 

>.,«AW€UV  SAWO.  LOOSC,  GAT  ,  0«  c»AV 

S.ILIY  CLAY.  MtO  StlM.  W*«*»  PLASTICITY  MOiJT 

sil*v  ccav,  sort,  md,  snM,  most.  g*av 
SH.TV  SAWO.  LOOM,  SAT 

Clayey  *»lT,  •«».  stiff,  r*oisr,  lt.gaay 
silt,  v. sorr,  v.act 

ml rv  clay,  mcd  stiff,  mso,  .  Mi6^*  plasticity,  mout, 


5'  l  TV  ClAV.  StlfT,  M|0.- H|«*4  PLAmClTV,  V.  MOIST 


f-LAVtY  SILT.  SOFT.  wfT 

.  Vi  TV  CL«V.  AIED.  STIFF  -  ST^ct  MED.  HIGH  ^IASTICiTV  MOIST 


.  LTV  CLAV.  STIFF,  MOIST  it  BPOVLrfg 
*  F  SAMO,  SILTV,  mCO  OrMSC  .  UOU  OLASTlC,  SAT  .  'jttFT 


S'lTV  evAvtVJ  SATJO.  «©  DCVJKE,  *U6HTW  CVMLTJn.0.  SAT  , 

— ^3*>  OF  n*  TOMOUC  Aiv«  TO«mATlOSJ 

TO4JC.CVAVEV.  V.  SOFT,  ;t  &9tfljT;H -G*AV 
li*»1l  ,0OAT,  FAACTOOtD.HlACF 


lAFFY  MM*y.  SfLf,  »  SOFT,  v  n*a»T,  MAMMC 
SilTt,  CkAYEy.VF  ,  SAF40,  SOFT  SAT  MJAV 
jiltv  sampy  Clay.  *m  stiff,  A"«1ir1  may 
i  ,  r  wup  lOOSC  ,  *«T  OAAV 


■-VLT/  SMJO  -OCM  MCP  PCNSO 

M.1Y  MAT.  STIFF  _ 

t  .'V  C^»VF»  IA*,  LfipSC.  V.  UCT 


LllTy  O-AyEV  SA*JO,  SOFT  IJ3U  FLASTlC 

SOL  Clay  soft.  mm>  --A»4  PLASTiCiTV 

I.UTV  C LAvtv  cafXI.  '**0  OKVjSC,  UOU  CfMfcAH>,  W 

rJPWtLLy  MsmO.  F'LtV,  MFC  OCHfit ,  NOlj  CAWO) 

filtv  c><iv.  wart  «*»-«« oh  olAS^iCitv 

S  ..TV,  ClAYSV  *MJ0.IXI%M<TO<.T 


MW tV  SAWOV  CH.T  SOFT  *jOU  AAflTTC.,  -*T 
.■.TV  OATCV  SAMP.  lCOSG,  V  »<T 
-  -IV  CLAY,  STIFF,  Ml.  HIW  MASTIC, TV,  i*L;i»t  GAMY 


F-_  -AMO  L<me  OB  UO  FIWCS 

s-ltv  clay,  h«jm  alajttcitv.koiST,©*  moy 


.  ■  i  TV  ClAy  soft,  V  MMST,  sion 
v'lTV  Clay.  *nrr 


SAMIU-V.  M-SAS*,  KMSC  ,  v.  ««CT 


F-M  SMjb.QAAusuy. V  uoja  :l*w 
6A*JD  CJAadCVO'.  V.  OCMSC.  **t 
I  •*  iAWO.  GBAUtU-y.  V  OCMT,  SAT 


SILTV  Cl. Ay,  MCO.  STIFF,  0at  oAAy 


JlLTY  CLAY,  stiff,  ok.  AAAV 

•ill  TV  CLAY,  V.  STIFF,  Jilt  FAA1 


SILTV  CLAY.  V.  CTWF,«AT.  Y.F.  CMA 
tO*  OF  ATS  TTAJ3LX  AlVOl  FOAMATIOW 

YMisioc,  clAvsv,  soft, slightly 

lfmiuAtsd,  EXP) 


PLAN  VEW  OF  RELOCATION 


PROFLE  VCW  OF  RELOCATION 

SCALE  O  IOOO  EOOO  SOOO  *000  FEET 


PLAN  VC W  OF  BRIDGE  LOCATION  CHANNEL  DIVERSION 
DETAIL  A 


21  RIPRAP 
ON  9*  BE DOING 


42  9  REINFORCED 
CONCRETE  PILING 


£  EXISTING  TRACK 


NEW  BRIDGE 


HOMZONTIAL  SCALE  0 


IS*  RIPRAP  PLACED  ON 
RAJLROAO  BALLAST - - 


REMOVE  EXCESS  BALLAST  TO  TOPOF~RAlr 
ALLOW  PLACEMENT  OF  RIPRAP  -  ----- 


»5“  RIPRAPON 
9"  BEDDING  — v 
-^JVONpK-x  ; 


P  )5i  RIPRAP. 


-BALLAST 

TOP  OF  RAIL 
, - El.  I608£ 


USABLE  RtPRAP"^5L^EL 
TO  BE  SALVAGED 
"  EXISTING  EMBANKMENT \ 


/random  FB_L- 


-  16"  WRAP  ON  9“  BEDDING 
.  . —  IV  ON  3.5H 

_  EL  1595.0 


-EXISTING  GROUND  LNE 


'  27-  RIPRAP 
ON  BEDDING 


SECTION  A-A 
TYPICAL  EMBANKMENT 

SCALE  20'  0  20*  FEET 


i  EXISTING  TRACK 


4,  NEW  BRIDGE 


EXISTING  GROUND  LINE - 


„  2  ^EXCAVATION  LINE 
(  FOR  PIERS 


-CONCRETE  BRIDGE  PIER 


EL  1574  BOTTOM  OF  CHANNEL 


PROFILE  ALONG  4E  OF  NEW  CHANNEL 

SECTION  B-B 


SCALE  20*  0  20'  F£ET 


DESIGN  STRENGTH 

c*  tsopsf.  0»u 


76-77M 
FEB  (3-*,  1976 


76-76M 
FEB  II  B .1976 


\atxr  ml 


'S 


iajc 

jr*n 

jgs;  ‘H 


kk. 


21 

44 

2k 


ZSL 


-1. 


S. 

32. 

1 1 


11. 


6/-o/  m/d  iron  shammy,  /wc/  stiff  damp 

Gray -Am,  stiff  -  mad,  damp,  sdty 

Brn  i/yroy  st mates  stiff  mrd  damp  n/ty  sandy 

Groan  gray  w  frost  stau*s  soft-  mid.  mast  x/ shad  frogs  sj/ty 

Gmanish  pro/,  mid.  moist,  s/ty,  sandy 

Oi  pray  mid,  mast,  soon  sdt  f  sand,  shot/  Rags 

Graannh  gray,  st.ff  moist  st  sdty 

Qtt  gray,  mid,  mast  x/sAed  frags,  mood  romans  /  Sifty  semis 


B 

13 

13 

7 

3 


165  f - 1  66  22 


SLZ 

— 

i33i  ■ 

SM 

-GlaCiai.  Till 


Gray  mid  mast  soma  silt 


Gray,  soft,  met  sandy,  Sidy 
Gray,  soft  mat,  sdty.  y  stieiy 
fat  brn.  r  soft  sat 


dote  Refusal  of  £/  /53ft  (bout dir) 


Gray,  soft  moist,  Jitty 

Gray  x/rust  Staying,  r  soft,  na(  S/tty 

Lt  6rn  tgroy  x/rust  staling,  soft- mad.  moot,  edfy.  sandy 

Gray  x/rust,  med  moist  sand  toms 

it  brn  med,  moist,  x/ty  i/soma  sand 

BM,  soft,  moist,  St  Orgome 

Gresnisti  gray,  mad,  moist  *iff/>  root  remains 

Greenish  Gray,  mad  -  stiff,  mast  x /many  shad  t  mood  frsgs 


Greenish  Gray,  mad ■  stiff,  dsmp,  sdty 


Groamsh  gray,  stiff,  damp 


Greenish  gray,  medium,  moist  sdty 


Lt  f  dk  gray  mad.  moist,  sdty  xf sand  /ami 


Mots  Refuse/  at  £1  /533 8  (boulder) 


A.  y*s 


Lt  rusty  brn.  mod  stiff  damp,  x/pebbks  f  cobbles 


JS.  Brn,  mad-  stiff  moist,  sdty  x/pabb/es  f  cobbhs 

M 

It  brn  n/ rusty  tint,  Stiff  damp,  sifty  x/grore! 

;jft>  Bm  x/b/h  coat  frags  f  rust  staining,  mid-  stiff 
Damp,  send  laminations  xf  occ-  grant 

(JS-  8m  if  rust  staining  med- stiff  moist  x/sond  /ami nations 

■  a 

f  Brn  mod- soft,  xaf  x/ogc  pabbfis 


I-K- 


B/ut  -gray  x'rust  staining,  mad -  stiff  moist,  x/oee  grata/,  sand 


Gray  x/rust.  mad.  t*T(  sdty  sandy 
fop  of  Tongue  finer  fm- 
s  and  stone.  soft,  silty  fma,  tan 

Sandstone,  soft,  silty,  fine,  gray 


76-80M 
PEB  18,1976 


SPT 

BLOWS/FT  mc 
gg~  16095 


174 

221 


211 

1309  $ 


4k  £k 

CL 

11  Jl 

34  15 


IQ.  is 


3C 

Qt£$ 

Lt  rusty  bm,  mad.  damp,  x/many  pebbles  sf  sandy 

Mssty  tan,  med,  moitt,  sandy  x /pebbles 

Ok  bm  x/ rust  staining,  mad,  mot  sf,  sandy 

-55-  Ton.  v  soft,  sat,  y  fine  grained  sand 
7  Tan,  sdty,  mad.  must,  bonds  of  SO nd 

Ton.  loose,  sad,  oocos  thin  seams  of  day 
Gray  mad,  mast,  sdty  f  sandy 

39  Gray,  host  moist 
Gray  Loose,  met 


* 


% 


PLATE  NO  B-22 


ROAD  RAISE  PLAN 


*** 


(l  i«n.ri 


PLATE  B" 26 


PLATE  NO.B-27 


RI-ft-5/727 


nmrrn  z—  20 — o^mrm 


02  FEBRUARY  1983 


03  FEBRUARY  1983 


•UMtt/F r. 

*TD.  *C 

s*i kjafca  - 


SU-Ty,  fu^TiC.,  OK.  «*v 
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